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Y. Asada, K. Yoshihara, T. Urano, M. Miyahara and A. Matsuzawa,
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Binary-mode

DEM
6bit >+Comparator
D
V., O CDAC SAR out
DSM :*f Logic [ apr

.....
cm=="" --..'.--.
. bl X,
P g L X .
-----
.......
-------
o= LX X,
- cea
P X St aaa

r
G1=0.5, G,=0.33, G3=0.33

Reset Sampling
| \ | l | SAR Conversion
1 | |

|
| ?l iI
RIK W2




tHRY : OpAmpZAWLWEWLBIL—TDZLIESEE o

TOKYO TICH
Phase: ¢,
Vout = Vout_n-1
Conventional closed-loop integrator
Phase: ¢
Ovout_n-1 _ 1
¢ Vout = Vout_n-1
Vi =AWV
] V2 = AVout n-
¢ | Ss
2
o o—e 2
S4
C.r— C,
T TIT T

Proposed open-loop integrator Maturamn
HTK WE & Okada Lab. |
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AWV WL —TOLESH

Conventional closed-loop integrator

vout
" O
n-2 n-1 n »
b ] }
#1 \Ss
¢1 V1 ¢2 ¢2 V2
Vin () 0 O0—e—O0O 0—e—O0 0—@
S1 Sz S4
C., T Co—1 C.
7T TiIr TiITr

Proposed open-loop integrator
HIK WiEZE

64
TOK YO TIECH
Phase: ¢,
Vout = Vout_n-1
Phase: ¢,
Vout = Vout_n-1 +Vin
Phase: ¢,
Vout = Vout_n-1
V1= AVin
V2 = AVout n-
Phase: ¢,
Vout = (Vout_n-1 +V1 +V2)/ 3
A=3, A,=2,
Vout = Vout_n-1 +Vin
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* No DC current
 Gain controllable 1.5x~4.5x, 5bit resolution

VDD soememeereoeoenenencnneneneces tecceenenencenen e cccec e neneanenececceceaess s 0
: ® *~— E 10: h '—
CLK: i : —TMP1 —TMPZ Mp; i 08
O-—q S 4 -
E RE TN Vcn;;l 4 b 061 | Vem
E M FD ‘1\ ||1 | | o4= V, Yor
O 1 I—+—O 1.2 T
i Von MCCM o Vop e
Ve’ — )L N3 EOC Na S 0.8 CLK
¢—eod T . EOC
Vi DGCj Vi
ip in
O— Mn+ My |—O 5 0-05 _ Output __
MN5§Z Cc ! ' 16.0° pre-charge
¥ R Mac R i 2 Common-mode
S S ' é 8.0 detection
] EIDD
Cecccccccccncacncas 7.7 Z-.---------.'L ................................................... 0.0 : xllx —
Common-mode : - 8/ 04 70 86
. .. Dynamic amplifier Time (ns)
detection circuit No DC current
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T, @ @ HAOFMEEZRMLTEREFLL, BELRIETS
| T EREBRMNANT, BAOSR/NMNENTHIREIEZEIR
REIZEY/ M XLRNILBRES ,
Al =g AV Ed :CLVDD
Vi out ~ gm in
- AV, AV, = AQ _ Al T, _ g,AV. T, G- AV, :_Vﬂ
Vout1 o CL CL CL Avin Veff
, J. Lin, M. Miyahara, and A. Matsuzawa,
> Time ISCAS, pp. 21-24, May 2011.
_VDD (L

il AV, =Vio-Ving I

(1) Pre-charge (2) Amplify (3) Stop & Hold

Matsuzawa
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TOK YO TIECH

FIL—TRBREBRETATIVITUTIZEYI0% D EEE NHIB A T EE

2000 Proposed | Opamp
£1800 - et 5 DC Gain(V/V) 3 100
= 1600 | glaec cascode # of unit 2 1

1400 |
9 !P tegrator Open Closed
<1200 | ype
~ Integrator
+ 1000 |
E: Output noise 100uV RMS
§ 800 Settling error - 1%
Q 600 Telescopic : Settling time 1.8ns
©
5 400 Opamp JF.’O//O/'/' Clock Freq. 150MHz
< 2001 *‘0/3/:/:/:— i ro‘p0§ed{ Recovery None | 1 CLK

0 ' S S T S SR W w— time (6.7ns)

o 1 2 3 4 5 6 7 8 9 10
Opamp recovery time (ns)

Matsuzawa
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Normalized Power [dB]

FFT AR +FS LA

[

roKyd TiECH—

—_— Pursuing Excellence
84dB®M 5L \SNDR%# 317
Fs=10MS/s, BW=250kHz, OSR=20, 10kHz input
on L ocz=mn il | Without DEM
20 1 (M) 1l SNR=g4.2 dB i
SFDR=96.5 dB == Without DEM
SNDR=83.4dB
BW=250kHz
1 10 100 1000 10000

Frequency [kHZz]
HIK WiEZE
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TOK YO TIECH

HERSLAN)LDOFoMES0dBE2Z ADREETH

BW 500kHz (T,=1ps)T, DR=81dB (100pV) FoMs=171 (dB) P,=500pW
50kHz (T.=10ps), DR=84dB (60uV) FoMs=172 (dB) P =55uW

190.0
DR: Dynamic Range
@ 180.0 .
% y This work ws BW: Bandwidth
3 1700 " ‘_‘*”’“‘:\0
5 e S G & . ’ BW
§16000 s, . . o$ :‘ i FOMS:DR+1010g£ j
@ 150.0 — . d
140.0
10 100 1000 10000
Bandwidth [kHz]
1000
~ 8 . *.
z [
8 o0 ° . P
:,
2 . FoM,, = d
= 100 . . 5 w ENOB
2 ) his wor 2 - 2BW
c +— Lhis work e
S e
2
10
10 100 1000 10000

Bandwidth [kHz] Matsuzawa -
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TOKYD TECH
CMOSA A=t Y —DIE/ A X{LZHNMFEFHE

Low power SAR ADC + low noise AX ADC
2" order incremental SAR+AY ADC

A. Matsuzawa & M. Miyahara, IISW 2017.

Vier ‘I' for SAR and S/H l
CDAC ) ’ a__ \ Logics | Dout
V. . > JI‘ 3 Control (/5
6b+shift Int. Lnt. / Oscillator
[ i@@ 1 | V' Dynamic 1‘
T rst T Comp. Trig
\‘C DACE
1b+overlap
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1st Integrator 2nd Integrator
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CIS.

Noise voltage (MV rms)

1000

100
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JADCTI£24V

Measured
General purpose ADC

m
® 66 .V Measured

ADC for CIS

24 uV

> [2] Simulated

100

Oversampling ratio, m

[2] M. Miyahara, et al, CICC, April, 2017
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TOKYO TIEECH

404, ELFESEBTLV=I=EFELT=,
HYUMNESTTUVELT,

« AICADCHEDT—IZH5ZANT-CLITFEETHOT-
— XS RNT
— TR D=6 DT O il
— [T TEKERT—FTIOFYyOEBES
— ADCORIFE THRARILET ORI EEIT

s XA TURIVETALURT L, 256QAMBIEL R T L
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